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RESEARCH MEMORANDUM

ATTITUDE INVESTIGATION OF 16 FLAME-HOILDER AND FUEI~SYSTEM
CONFIGURATIONS IN TAJL-PIFE BURNER

By Ralph E. Grey, H. G. Krull, and A. F. Sargent

SUMMARY

An investigetion was conducted in an altitude chamber abt the
NACA Iewls laboratory to determine the performsnce of 16 flame-holder
and fuel-system conflgurations in & short converging conical tall-pipe
burner having a two-position exhaust nozzle. During the Investigation,
the englne was operated at rated engine speed, at a constant flight Mach
number of 0.6, and over a range of tall-plpe-burner fuel-alr ratios and
altltudes.

Of the various configurations Investigated, the best combustion
performance and operable limits were obtalned with s V-gutter flame
holder apd a redisl fuel-injectlon system thai provided & uniform fuel
distribution, over the flame holder and an increased mixing length
between the fuel injectors and the flame holder. The maximum gltitude
limit obtalned with one of the V-gutter flame holders was sbout
58,000 feet. The combustlon efficlency, exhaust-gas temperature, and
specific fuel consumpblon were only slightly affected by lncreases in
altitude to 40,000 feet. The maxlmum albitude limits of the H-gutter
and. the H~gutter with a trailing V-gubbter flame holders were 40,000 and
44,000 feet, respectively. The combustlion efficlency and exhaust-gas
temporature decreagsed and the specific fuel consumptlon lncreased
rapidly with an increase in altitude for these configurations. With the
Jet nozzle open, starting by spark plug lgnition was limited to alti-
tudes of 30,000 feet and lower, whereas sbtarts by the hot-streak
ignition technique were obtained at all altitudes up to 45,000 feet,
which wes the meximm altitude at which starts were attempted.

INTRODUGTION

The altitude performance and operating characteristics of several
types of f£laeme-holder and fuel-injectlon system installed in the tall-
pipe burner of a J35-A-21 turbojet engine were investigated in a 10-foot
altitude test chember at the NACA Iewls laboratory. The purpose of thils
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Investigation was to obtain & flame-holder and fuel-system configuration
thet would provide efficlent combustion in a relatively short tall-pipe
burner up to altitudes of at least 40,000 feet. Sixteen flame-holder
and fuel-system configurations were investigated; ten-configurations
were supplied by the englne menufacturer and six were designed by NACA
(based on information in reference 1). The tail-pipe burner, which was
supplied as pért of the engine, had a short converging conical burner
sectlon and & two-position exheust nozzle. The oubter shell of the tail-
Pplpe burner remained unaltered during the Investigation. Hach conflgu-
ratlon was operated over a range of altitudes at a flight Mach number
of 0.8. :

The data obbained for esch configuration are presented in a manner
to show the effects of fuel distribution and flame-holder design on net
thrust, specific fuel consumptlon, exhaust-gas temperature , combustion
efficlency, opereble range of tall-pipe-burner fuel-alr ratios, and
meximum altitude 1limit. The combustion stabllity during tail-pipe-
burner operation is also described and typical flame-holder faillures
that occurred during the investlgetion are discussed.

APPARATUS AND INSTRUMENTATION

- Instellation

The engine was Installed in an altltude chamber as shown in fig-
ures 1 and 2, The englne was mounted on a thrust platform, which was
connected through linksge to a calibreted balanced air-pressure
dlaphragm for msasuring the thrust. The altitude chamber is 10 feet in
dlameter and 60 feet long. A homeycomb ls installed in the chember
upstream of the test section to stralghten and smooth the flow of inlet
alr. The forward baffle, which incorporeted & labyrinth seal around
the forward end of the englne, wes used to separate the engine-inlet ailr
from the exhaust and to provide a means of malntaining a pressure dif-
ference across the engine. A 14-1nch bubtterfly valve was installed in
the forward baffle to provide cooling air for the engine compartment.
The resr baffle was lnstalled to act as a radiation shileld and to pre-
vent recirculatlion of exhaust gases about the englne. The exhaust gas
from the Jet nozzle was dlscharged into an exhaust diffuser to recover
some of the klnetlc energy of the Jet. Combustion in the burner was
observed through e periscope located dlrectly behind the engine.

"Engline. and Tell-Plpe Burner

A J35-A-21 engine, which Includee & tall-plpe burner, was used in
thils Investligation. The engine has a sta‘bic gea~level thrust rating of
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5100 pounds without tall-pipe burning at rated engine speed, 7900 rpm,
and at a turblne-outlet temperature of 1300° F. 4b this operating con~
dition, the alr flow 1s approximately 86 pounds per second and the fuel
consvmption 1s 5740 pounds per hour. The over-all length of the engine
is approximately 195 inches and the maximum dismeter is 43 inches. The
maln components of the englne &are an ll-stage axilal-flow compressor,
elght cylindrical through-flow combustors, a single-stage turbine, and
a tall-plpe burner. Throughout the investigation, MIL-F-5624 fuel with
a lower heatlng value of 18,900 Btu per pound and a hydrogen-carbon
rablo of .0.179 was used 1n the engine and tall-pipe burner.

Drewirgs of the tall-plpe-burner assembly are schemsticelly shown

in figure 3. The tall-plpe-burner assembly was 87.% inches long and con-~

sisted of three sections: (1) an enmmlar diffuser followed by & short
cylindrical section, (2) & converging conlcal burner, and (3) a two-
posltion clamshell-type exhaust nozzle. The eyellds on thls nozzle
were secursed 1ln the open positlon throughout the investlgation. The
ares of the exhaust nozzle in the open posltion was approximately

349 square Inches. Fuel was supplied to the tail-pipe burner by an sir-
turbine fuel pump which was driven by alr bled from the compressor.

Two flame~holder positlions and two 4lffuser inner cones were used
during the investigation. Flams-holder position 1 and the standard
diffuser inner cone are shown in figure 3(a). Flame-holder posibtlon 2

and the modifled diffuser inner cone are shown in figure 3(b). Posi-
tion 1, which was the standard locatlon for the engline manufacturer's

flame hold.ers s was located In the 6-Inch cylindrical sectlon about

2— inches downstream of the dlffuser-outlet flange. Posltion 2 was
located in the diffuser sectlon about 4 inches upstream of the diffuser-

outlet flange. The modified diffuser Inner cone consisted of a standard
diffuser inner cone cubt off at the downstream end where the dlameter was

8 inches and a cup section having a depth of 3-8]-'- inches was installed ab

this point to provide a sheltered region for burning. The detalls of
the fleme holders and fuel systems will be discussed later.

Shell cooling of the burner section was accomplished by an eJjector
cooling shroud, which used the exhaust Jet to induce a flow of cooling
alr over the burner shell. In the present investigation, the air for
the burmer cooling shroud was obtained from the test section of the

gltitude chamber at & pressure aspproximately eq_ua.l o0 the altltuds -
amblent pressure and at a temperature of a‘bou'b lOO F

Two types of .bail-pipe-burner ignition system were used. For the
10 msnufacturer's configurations, ignition was provid.ed. by two spark

"'-mi-
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plugs proJecting Into the shelbered region of the outer annular gubtter.
For the NACA conflgurations, ignition wes provided by a momentary
increase in fuel flow to one of the engine combustors (reference 1).
This excess fuel in one combustor caused a burst of flame through the
turblne, thereby igniting the tail-pipe-burner fuel.

Flame Holders and Fuel Systems

Ten commercial fleme-holder and fuel-system units (figs. 4 emd 5),
four NACA flame holders (fig. 6), and four NACA fuel-injection systems
(fig. 7), in various comblnations were investigated in the 16 configura-
tions presented in this report. These configuratlions are classified
into five basic types:

(1) E-gutter flame holder with radial and amnular fuel-injection
manifold, configurations A through D

(2) H-gutter flame holder with tralling V-gutter and radial and
annular fuel-injection manifold, configurations E through I

(3) Annuler V-gutter flame holder with redial and annular fuel-
injection manifold, configuration J

(4) Annuler V-gutter fleme holder with radial fuel inJjectors,
configurations K through O

(5) Radlal V-gutter fleme holder with redial fuel injectors,

conflguration P - . . . -

The flame-~holder and fuel-system units of conflgurations A through
J were supplied by the engine msnufacturer. The H-gutter of configura-
tions A through I consisted of two parallel sides conmected by a cross-
member with holes to meter fuel and alr into the sheltered region down-
stream of the flame holder. The annuler tralling V-gutters (typical
{nstallation shown in fig. 4(d)) hed an included angle of 36°, were

1% inches wide, and had a dilameter generally intermedlate between the

dlemeters of the two annular B-gubbters. The flame holder of configura-
tion J was constructed of V-gutters. The fuel for these configurations
was injected through radial and annular tubes Ilmmediately upstream of
the flame holder.

The Puel system of configuration K and the fuel-system and fleme-
holder configurations I through P were NACA designs. All flame holders
for these configurations were comstructed of.V-gutters. The fuel for
these configurations was introduced normal to the directlon of ges flow

through radlal fuel inJectors.
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table I.

*--W\

A detalled description of each configurastion is presented in
A comperison of the flve baslc confliguretion types 1ls shown
in the followlng teble:

Configu-~ Flams holder Fuel system
ration .
IFype | Flg- |Gubter Projected Remarks Fnel [InJjector| Remsrks
ure cross blocked mixing | figure
section area length
Type|Fig- |{(percent) (in.)
ure (a)
4(a) 5(a) | 25.5 1/8 Annular tubes
1 and | HE | to to 2 %o 3 ammu-| 4 connected by
4(b) 5(c) | 30.9 |18% gutters 1§ redial tubes
4(c) 5(b) | 36.2 |2 ennular H- | 7/8 Seme
2 to [E-V |5(a) to gutters with 'bo7
4(f) and | 43.3 1 or 2 trail- Iz
5(e) ing V-gutters
4 to 6 inches
downstream
3 |a(g) | v |5(£) | 28.9 2 apnular el Same except
gutters 2 ‘tubes were
streamlined
6(a) | 28.9 |2 annular 3 to | 7(a) [Redial tubes
4 v | to to gutters 10 to
6(c) | 35.2 7(c)
5 v |e(d) | 26.6 |Short radlal]| .5 7(d) Redial tubes
gutbtters con~ | 78
nected by
one annular
gubtter

aMixing length ig defined ss distance from point of fuel injection to
leading edge of flame holder.

Each part of the flame holder and fuel system is numbered on the
thotographs of figure 4 (configurations A through J ) and details of the
corresponding part are given in teble II.
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Instrumentation

Pressures and temperebures were measured et several stabtlons in the
engine and tall-pipe burner (fig. 2). ZEngine air flow was measured by
use of survey rakes mounted at the englne Inlet. Pressure and tempera-~
ture instrumentation was instelled to compute engine midframe air bleed
and the air bled from the compressor outlet thet was used to drive the
air turbine of the tall-pipe-burner fuel pump. A complete pressure and
temperature survey was obtalned at the turbine outlet (station 5,
fig. 8(a)), and several of the 30 thermocouples at station 5 were used
to obtaln an Indicated turbine-outlet temperature during operation.
Statlc pressure measurements were teken at the burmer inlet (statlion 6 s
fig. 8(b)) and total pressures were measured with a water-cooled survey
rake at the exhaust-nozzle inlet (station 7, fig. 8(c)) 5 inches
upstream of the exhaust-nozzle outlet. Englne and tall-pipe-burner fuel
flows were measured by callbrasted rotameters.

PROCEDURE
Tall-plpe-burner performance date were obtained over & range of

tall-pipe-burner fuel-alr ratios at a simulsted flight Mach number of
0.6 and the followlng simlabted altltudes:

Altitude Configuration
(£%)
10,000 |ABCD CE J L oP

30,000 ABCDEFGEIJEKLMTEOP?

35,000 DE

. 40,000 B E E JELMNOP

The englne-inlet-alr total temperature and total pressure were regulated
to correspond to NACA standard total temperature and pressure assuming
100-percent ram pressure recovery at each flight condition.

The symbols used in thls report and the methods used in calculating
the results are gliven in the appendix. Due to & gquestionable radiation
effect on the thermocouples &t the turblne outlet, the turbine-outlet
temperature was calculated as shown in the appendix. This calculated
temperature was used in plotting all curves presenbing turbine-outlet
date. Two fuel-alr ratlos are defined and used in computing and plot-
ting the results of the investigatlon:

T
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(1) The tail-pipe-burner fuel-sir ratio (f/a), 1s defined as the
ratio of the tall-pipe-burmer fuel flow to the engine alr flow (alr flow
entering the campressor minus air bled from the compressor). This fusl-
alr ratioc was used when only £light condition, rmm, and tail-pipe-burner
fusl flow were recorded. The values of engine alr flow were teken from
an engine sir-flow callbration curve. -

(2) The umburned-silr tall-pips-burmer fuel-alr ratio (f/a),, is
defined as the rabtio of the tall-plpe-burner fuel flow to the vmburned-
alr flow entering the tall pipe (engine alr flow minus the air burned in
the engine). This fuel-alr ratioc was used when complete performsnce
data were obtalned. '

The tall-plipe burner was started at s pimmlated flight Mach number
of 0.8 and rated engine speed of 7900 rpm wilth the exhaust nozzle in the
openr position. For altltudes up to 30,000 feet, the tail-pipe burner
was ignited and performance was obtalmed over a range of tall-pipe-
burner fuel-glr ratios. At altltudes above 30,000 feet, the tall-plpe
burner was ignited &t 30,000 feet, the simulasted altltude was increased
to the desired valus, and data were obtalned over a range of tail-pips=-
burner fuel-alr ratlos.

At each flight conditlon wilth the engine opersting at rated speed,
the tall-pipe-burner fuel flow was varled from a minimm to a meximm.
The minimm fusl flow was determined bdy: (1) imminent blow-out, or
(2) a control limit (minimum £flow rate of stendard engine fuel regu-
lator). The maximm fuel flow was determined by: (1) the indicated
limiting turbine-outlet tempersaturs of 1300° F (1760° R) measured by
the operating thermocouples at station 5, (2) control limit (maximm
flow rate of fuel regulator), (3) rough burning, or (4) blow-out. To
determine the maximum operable altitude the burner was operated at
constant fuel flow and flight Msch number while sltitude was Increased
until blow-out occurred. Because actual blow-out of the burner was
usually quite sudden, operating technique may account for scetter in
the data of sbout Y2000 feet.- .

RESULTS AND DISCUSSION
Operational Limits

The operstional limits of all configurations are plotted in fig-
ure 9 against the tall-pipe-burner fuel-alr ratio (f/a.)t. The four "
kinds of operational Iimits encountered, whlch were discussed in the
procedure, are defined by the symbols of figure 9. For configurations A,
B, C, and O, the maximum opereble altltude was not determined but 1t 1s
believed that this limlt was generally about the seme as the altltude

R T
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l1imit obtained for other configurations of the same basic type. The
performence data and operstional limlts were not obtalned at an albibude
of 10,000 feet for some configurations because the Fflame holder was
extremely hot and the service life under these conditions was vexry short.

The maximum altitude limit for basic configuration types 1 and 2
wes generally about 40,000 feet with configurations E and H (basic type 2)
reaching 44,000 feet. The altitude limit of basic configuration type 3 ’
was about 45,000 feet, whereas that of basic types 4 and 5 was generally
above 50,000 feet with configuration M (basic type 4) reaching
58,000 feet. :

The rich operational limite of basic configuration types 1 and 2
generally resulted from blow-out, rough burning, or fuel-regulator limi-
tations, whereas configuration types 3, 4, and 5 were restricted by
limlting turbine-outlet temperatures. The occurrence of this limiting
turbine-outlet temperature condition at relatively low fuel-alr ratios
Indicates that basic confilgurations types 3, 4, and 5 were operating at
higher combustion efficiencles than configuration types 1 and 2.

With the exception of configurstion A, rough burning was encountered
with all H-gutter configurstlions at rich fuel-alr ratios. Rough burning ¥
would start suddenly with an gttendant incresse in nolse level and
vibration. When the fuel-ailr ratio was Increased after rough burning
was encountered, the nolse level and vibration increased. An exemination Y
of the tall-pipe burnmer after such operation revealed broken and loosened.
bolts. In general, blow-out of basic configuration types l, 2, and 3
wasg charactberized by the flams shif'ting to the lower half of the Flame
holder and gradually diminishing untll blow-out, whereas in configuration
types 4 and 5, blow-oub occurred suddenly.

A comparison of the operatlonal limits of configurations B, H, J,
L, and P, which represent the best operational limits and performance
characteristics of each of the five basic configuration types, 1s shown
in figure 10, Although configuration C appeared to be better than con-
flguration B, 1t was not used for this comparlson because the englne-
inlet total temperature was 23° to 37° F below the NACA standard botal
temperature for all data obtained at an altltude of 30,000 feet.

Of all the conflguratlions investigated, baslc configuration types 4
and S5 had the highest altltude limits. An evaluation of these data
indiceates thet the altitude 1limlt was lncreased by the combined effects
of (1) redial fuel inJjection with wniform distribution over the flame
holder, (2) increassed fuel mixing length, and (3) a V-gutter instesd of

QT2
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Performance Characteristics

The performance data obtained for each of the 16 configurstions
with a flxed-area conlical exhaust nozzle is presented in table III.
Performence data for flve configurations, B, H, J, L, and P, are summar-
ized in figures 11 through 16. These configurations were previously
indicated to have the best operatlonal limits and performsnce character-
istics of each of the five baslc configuration types. Performence dabsa
were plotted against the unburned-zir tall-pipe~burner fuel-air ratio
(f/é)ua. With the exhaust nozzle fixed in the open position, the burner-

Inlet conditlons varied with fuel-alr ratio ss shown in figure 11l. In
general, the turbine-outlet total temperature and pressure increased
wlth tall-plpe-burner fuel-alr ratio, whereas the burner-inlet velocity
remained spproximately constant. The turbine-outlet tempersture survey
used during operation for part of the investigation was found to be
ingufficlent when labter comparsed to the average of 30 thermocouples at
statlion 5 and to the calculated wvalue of turbine-outlet temperature.
Consequently, some configurations were operated above limlting tempera-
ture. In such cases, the limiting turbine-outlet temperature operating
point 1s indicated on the curves.

A comparison of combustlon efficlencles and exhaust-gas temperatures
Por the flve representative configurabtions over & range of fusl-air
ratios at varlous altltudes is shown 1In figure 12. At an altitude of
30,000 feet and limiting turbine-outlet temperature (1760° R), configu-
ratlon type 4 reached a combustion efficiency of 72 percent at a fuel-
alr ratlo of 0.035 and & peak combustion effliclency of 85 percent was
obtalned at a fuel-alr retio of 0.021. In comparison, at this sams
altitude and at a peak turbine-outlet temperature of 1660° R, the com~-
bustion efficlency obtalned with the configuration type 1 was 32 per-
cent at a fuel-alr raetio of 0.07 and & maximum combustlion efficiency of
54 percent was obtalned at a fuel-alir ratlo of 0.023. The peak combus-
tion efficlency of all configurations occurs at higher fuel-alr ratlos
as altitude is increased. The peak combustion efflciency 1ls shown to
decrease rapidly with increasing altitude for conflguration types 1, 2,
and 3 but to decrease only sllightly for configuratlion types 4 and 5.
The effect of altltude on exhaust-gas temperature was to decrease the
temperature at a constant fuel-alr ratlo or to Increase the fusl-aln
ratio required to maintaln a constant temperature as asltltude was
incressed. These trends were comnslderably grester for conflguration
types 1, 2, and 3 than for 4 and 5. The rate of increase in exhaust-
gas temperature with fuel-alr ratio became less efter pesk cambustion
efficlency had been reached. At all altitudes, the values of combustlon
efficlency and exhaust-ges temperature at a gilven fusl-alr ratio were
higher for configuration types 4 and 5 than for types 1, 2, and 3.

In some cases there were signlificant changes in combustion effl-
ciency among the configurations within a given baslc type. At an
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altitude of 30,000 feet, where data were obtained for all configurations,
the maximum combustion efficiency of the type 1 conflgurations varied
from 51 to 66 percent and generally occurred at a fusl-alr ratio of
about 0.025. Maximm efficiency variatlon among type 2 configurations
vas someswhat greater, ranging from 57 to 66 percent and occurring at a
fuel-alr ratio of sbout 0.023. Among the type 4 configurations, peak
efflclency varied from 77 to 85 percent and generally occurred abt a
fuel-alr rgtlo of about 0.025.

The net thrust (fig. 13) reflects trends of exhaust-ges temperaturse
and the specific fuel consumpbion reflects trends of exhaust-gas temper-
ature and combustion efficiency. At an altitude of 30,000 feet and
limiting turbine-outlet temperature (1760° R), type 4 configuration had
& specific fuel consumptlon of 2.2 at a fuel-alr ratlo of 0.035, whereas
at the peak turblne-outlet temperature of 1660° R, type 1 configuration
had & specific fuel consumption of 3.7 at a fuel-air ratio of 0.07. In
genersl, at a.glven tall-plpe-burner fuel-air ratio, the net thrust was
higher and the specific fuel consumption was lower for confilguration
types 4 and 5 at all altitudes and the margin between these types and
oonfiguration types 1, 2, and 3 became increasingly greater as saltitude
was incressed.

The relative performsnce of the five configuration types is 1llus-
trated in terms of net thrust and specific fuel consumption in figure 14

for an altlitude of 30,000 feet. The data Indicated that for a given net o

thrust, conflguration types 4 and 5 operated wilth lower specific fuel
consumpbion than configuration types 1, 2, and 3. Therefore on the basis
of high altitude operational limits and best performence, confilguration
type 4 and type 5 vers the best investigsted for this particular burner
geometry. The burner performance was lmproved by the same combined
factors that Ilmproved the altitude limits, namely: (1) radial fuel
InJection with uniform distribution over the flame holder, (2) increased
fuel mixing length, and (3) a V-gubter Plams holder.

Operational Characteristics
The tall-plpe-burner losses presented as (P5—P7)/P5 in figure 15

indicate a trend of decreasing pressure-loss ratio with a decrease in o

blocked area for all configurations. The pressure-loss ratio for the
two best configuration types; 4 and 5, was In each case lower then or
equal to that of the other configuration types. The pressure-loss
ratio remaslned approximately constant with increasing fuel-air ratio
and altltude. Although the pressure-loss ratio remained constent, the
actual drop in pressure across the tall-plpe burner increased with
increasing fuel-aslr ratio and turblne-outlet total pressure. The com-
binatlion of ejector and nozzle losses caused a decrease in thrust of
about 1.5 percent as shown in figure 16.

=
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For this particular tall-plpe-burner Installation, the over-all .
dimensions were fixed; consequently, to conserve tall-plpe length, the
burner-lnlet diffuser was reletively short. In figure 17, the velocibty
profiles at the diffuser inlet (station 5) amd outlet (station 8) show
a high velocity gradlent near the ouber walls and a separation from the
imner cone abt the inlet with & substantiel growth of the boundary layer
along the imner cone. It was fourd during the investigatlion that this
separation slong the inner cone and the exhaust-gas swirl and abtbtendant
flow geparation from the lee side of the long support struts for the
inmer cone provided regions where burning occurred when fuel was injected
near the leading edge of the struts. When fuel was injected near the
inner cone =znd between the tralling edge of the struts and the diffuser
outlet, burning took place in the reglon of' separatlon from the inner
cone. Therefore, the separation from both the inner cone and support
struts dictated the maximum distance upstream of the diffuser oublet.
that the fuel injectors could be placed to lncrease the fuel mixing
length. To increase the mixing length beyond these limits would regquire
shortening the diffuser support struts in addition to redesigning the
diffuser to prevent flow separation.

In obtaining performence data for the Investigatlion, operation of
the nozzle eyelids was not required, consequently they were secured in
the open position. With the exhaust nozzle in the open position, the
lowered temperatures and pressures in the tall plpe lmposed more severe
starting conditions on the burner than are normally encountered with the
nozzle closed. The two spark plugs which were provided wlth each of the
comuercially manufactured ¢onfigurations usually permitted starts up to
an altitude of 30,000 feet. The hot-streak ignition technlque, which
was used in each of the NACA configurabtlons, permitted starts at all
altitudes up to 45,000 feet, which was the maximum altltude at which
starts were attempted.

After sbout 70 hours of operation, the teil-plpe-burmer shell was
in good condition except for a few minor wrinkles. Considerable diffi-
culty was experienced with the operatlion of the two-position varlable-
area exhaust nozzle because of warping and binding of the eyellds,
which was probably dus to misslinement or maladjustment of the actuator
and actuating linkages. :

A mumber of flame holders failed structurally during the Investi-
gation because of burning upstream of the fleme holder and because of
poor fuel distribution., ZExamples of failures are shown in figures 18
to 21. Typical failures of the H-gutter and the tralling V-gutter ars
ghown in figures 18 and 19, Usually, failures which occurred at an
intersection of the V-gutters did not appear to be & fault of the weld,
inasmuch as the welds were usually in good condition as- shown in fig-
ure 20, In figure 21, the intense burning in the sheltered region of
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the V-gutter 1s evident by the burming out of the reinforcing tubing
near the leadlng edge of ‘the gutter. The V-gutter fallures could
usually be prevented by: (1) lncreasing the diameter of the flame-
holder inner emnular V-gutter (if it were in the region of burning off
the inner cone), end (2) constructing the flame holders of heavler
gage materisls. ) _ .

Durling the Investlgation of the configurations which used the .
radial fuel inJectors, considerable trouble was experienced with coking
of the fuel-injector tubes. Radlation from the flame holder may have
aggravated coking; locating the fuel injJectors upstream might alleviate
coking., No definite informstion was obtained as to the cause of this
coking, but in the use of intermal fuel manifolds (basic configuration
types 1, 2, and 3) there were no coking problems. These manifolds had’
no dead ends in the flow passages which may lave been the starting
place for coking.

SUMMARY OF RESULTS

In an Investigation of & J35-A-21 turboJet engine with & short
converging conlcal tall-~pipe burmer having a two-positlon exhaust nozzle,
8 number of flame-holder and fusl-system configuratlons were evaluated
at rated englne speed and at & constent flight Mach number of 0.6 for a
range of altitudes and tall-plpe-burner fuel-alr ratios. The following
results were obtalned:

1. The performance characterlstics and altitude operating limits
of the tail-pipe burner were improved by the combined effects of (1)
radlasl fuel injection with uniform distribution over the flame holder,
(2) increased fuel mixing length, and (3) a V-gutter-type flame holder.

2. A maximum altltude limit of about 58,000 feet was obtained
wlth & V-gutter flame holder. In most cases the altltude 1limit with
the V-gulter flame holders was about 50,000 feet, and combustion
efficlency, exhaust-gas temperature, and specific fuel consumption were
only slightly affected by changes 1n altitude up to 40,000 feet.

3. The maxlimum gltlitude limite of the H-gutbter end the H-gutter
with a trailing V-gutter flame holder were 40,000 and 44,000 feet,
respectlvely. With these configurations, the combustlion efficiency
and exhaust-gas temperature decreased and the specific fuel consumption
Increased rapldly with an Increase in altitude,

4, The short tall-pipe-burner inlet diffuser had a high velocity
gradlent near the outer wall and separstion existed at the inlet on the

R —
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inner cone with a substantial growth of the boundary layer along the
immer cone.

5. With the bwo-position exhsust nozzle open, starting by spark
plug ignition was limited to albitudes up to 30,000 feet, whereas sbarts
with the hot~gtreak ignitlon technigue were obtalned at all altltudes up
to 45,000 feet, which was the maximm altitude at which starts were .
attempted.

Lewls Flight Propulsion Isborstory, i
Natlonal Advisory Commlttee for Aeronautics,
Cleveland, Ohlo.
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APPENDIX - METHODS OF CALCULATION

Symbols

The following symbols are used in this report:

area, sq ft

flow (discharge) coefflcient, ratio of effective flow area to

measured ares

thermsl expansion ratio, ratio of hot exhaust-nozzle-outlet area to

cold exhsust-nozzle-cutlet s&res
thrust, 1b

fuel~alr ratioc

acceleration due to gravity, 32.2 f'b/sec2

‘total enthalpy, Btu/1b

lower heating value of fuel, Btu/lb
Mech number

total pressure, 1b/sq £t absolute
static pressure, 1b/sg £+ absolute
gas constant, 53.3 £t-1b/(1b)(°R)
total temperature, °R

reference temperature, 540° R '
velocity, ft/sec

air flow, 1lb/sec

fuel flow, 1b/hr

gas flow, 1b/sec

ratio of gpeclific heats

combustlon efflcilency

NACA RM ES1EO3

9LTS
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Subscripts:
a air

c calculated

e englne
J Jet

n net

8 seal

] tall plpe

ua  unburned alr )

0 free-streem smblent condition

1 englne lnlet

3 | compressor oublet

5 turbine outlet or diffuser Inlet

8 tall-plpe-burner inlet |

7 exhaust-nozzle inlet, 5 lnches forward of throat

8 exhaust-nozzle throsat

Methods of Calculatlion

Flight speed and Mach number. - The simulated flight speed and Mach
number at which the engine and tall-pipe burner were opersated were deter-
mined from the equabions

71-1
71 Po\ 71
VO = 28R ;'I'_I Tl 1l- (ﬂ) (1)

G
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71-1

P\ 7
2 1y 71
o\ - @)

where vy was assumed to be 1l.4.

Gas flow. - The compressor-inlet alr flow was camputed as

'Yl-l . ‘}'l-l

O L P 1) 71 1 ENRE (3)
a,l = ’\,RT_:L € 71"'1 bq B b

where ¥ was sssumed to be 1.4 and the total temperature was assumsd to
be equal to the indicated temperature inasmmch as the thermocouple
recovery factor was 0.96. The englne air flow at station 3 was calcu-
lated by subtracting the mldframs leskage end the air flow required to
drive the tail-pipe-burner fuel pump fram the compressor-inlet air flow.
The midframe slr leakage and tall-plpe-burner fuel-pump alr flow were
calculabted 1n a gimilar mammer to the compressor-inlet air flow. The
total gas flow at the turbine outlet was calculsted as

W W v_fﬁ (4)
g,5 % *+ 3600

The total ges flow at the exhaust-nozzle throat wass computed as

W W Tryt (5)
g,8 = Wg,5 * 3660 '
Turbine-outlet temperature. =~ The turblne-oublet temperature Ts

was ‘the measured average of 30 thermocouples. Due to guestlonsble
radiation effect on Tg, & calculated turbine-outlet temperature T5 o

was obtained by

5

Hy = (E>e Mg Be +A *H . - (s)
.

The value of T5 c Wes then obtalned from H and enthalpy charts. A
value of 0.96 was selected for the englne cambustion efficiency 14

from an altitude calibration of a similar engine. The term A accounts
for the difference between the enthalpy of the carbon dioxide and wabter

BN
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vapor in the burned mixture and the enthalpy of the o“xy;gen removed from
the air by their formation (reference 2). Compasrison of these turbine-
outlet temperatures can be made in table IITI.

Tall-plpe-burner inlet veloclty. - The tall-plpe-burner lnlet
voloclty was calculated by use of the conbinuity equetion. The static
pressure and area were measured abt statlion 6. The total pressure and
temperature measuremsnts from station 5 were used assuming no loss
between the two statlons. )

76"1
W. RT- . /pa\ 78
'VG = —&—’—5 S §—6- (7)
£ Pg 5

The gas flow at station 6 was Wg 5 OT Wg 8 dependent on the configu-
>

rablon inassmuich ag in some configurations tﬁe 'bail-pipe—'burn.er fuel was
introduced upstream of stabtion 6 and in others it was introduced down=-
gbtream of station 6.

Tail-pipe-burner fuel-sir ratio. - Two tall-plpe-burner fuel-air
ratios are used in this report and are defined as follows:

(1) The ratio of the tall-pipe-burner fuel flow to engine-alr flow,

W.
(z) - it (8)
aly 600 Wa,5 |

(2) The ratio of the tall-pipe-burner fuel flow to the unburned air
entering the tall-plpe burner, .

£ Ve 4
£y o (9)
8 Wf e

us, 3600 Wa 3 - —

The assumption used in obtalning this equation was that the fuel 1njected
in the engine was ccmpletely burned. The value of 0.0667 1s the stolchil-
ometric fuel-air ratio for the fuel used. '

Bxhaust-gas t'empgrature. - The exhaust-gas temperature was deter-
mined by
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78-1 78-1

2. 7 7
Ag Cq Cp pg\ 2g¢ [78\| (E7) © LAY
s=\—"w. ) ® w3l \sm Ty (10)
g,8 s Pg Pg

The flow coefficient Cd was obtalned from reference 3. The exhaust-
nozzle throst area A8 was meesured at room temperature. Values of the
thermal expanslon ratio Cp of the exhaust nozzle were determined from
the thermal expansion coefficient for the exhaust-nozzle meterial and
the measured skin temperature.

.95
. A
//’////, ‘
& .90 /
//
o 1.5 2.0 2.5 3.0 3.5 4.0 " 4.5
By/2
1,03 . - ki _ . //
' // . '
- 1.02 — —‘—‘____,,.__.,
/
1.01 ) ————
—//
0800 - 1000 © . 1200 1400 1600 . 1800 2000 2200
Ty skin? R

Exhaust-nozzle-throat static pressure pg was determined as follows:

When o 7

El<: (?8+1 78t
Po 2

B fye
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then

Pg = Pg (subsonic flow)

When
8_
-1
AN 78
Po =\ 2
then
P
, 7
Pg.= 78 (sonic flow)

-1
g+l 78’
a

The nozzle-throat total pressure was asssumed equal to the total pressure
meesured st station 7 (5 in. upstream of the throaet). The values of g
were obtained from charts of ¥ agelnst f£/a end T from the first

approximation of TS which was calculated using the value of ¥y = 1.24.

Tail-pipe-bdrner combustion efficlency. - The tall-plpe-burner
combustion efficiency was calculated by the equation

ARICRY IR

r . r _ (11)
NERERRY

Dissocliation was not considered in the calculation of combustion effi-
ciency inasmuch as its effect 1ls negligible for temperatures of up to
3600° R. The engine fuel was not assumed to be burned completely ln the
englne. The unburned engine fuel was charged to the tall-plpe burmer.
The englne cambustion efficlency was selected to be & value of 0.96
which was obtained from an altitude calibretlon of thls englne type.

Mg =

Thrust. - The actual Jet thrust was calculasbed by the equation

Fy = Fg + A5 (P1-po) (12)

CMMNEERRAL
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where Fqy weas obtained from balanced alr-pressure diaphragm measure-
ments. Net thrust was obtalned from the actual Jet thrust Dby

W v,
a,l ‘0
Fp=Fy - =% - (13)

The theoretlcal Jet thrust was calculated as

78‘1

7, Pa\ 7
ZR ‘8 8\ /8
T3,8 = Ve8| [T 7T e |- (ﬁ) 4o O [p0 - 3 (4

The values of pg, 7g, and Op used are explained in the dlscussion of
equation (10). \ i ' '
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TARLE I. - CONFIGURAYION IRTATLIS FOR RAIL-FIFE BUENERS INVESFTOMIPD ON J35-A-21 TURBOJET ENGINE

Qontignration type Flame holdar Fuel System Diffusax
inney
. Jar NAOA | Posi-|ProjJectsd HACA oone
Bt o o] ooms |Zypol¥ig-| Tolos | dentgnl ticn | blocksd Homar wivie,] oles |Tajeobar Rearks
ure |Nom-|Dism- area length| Fum-| Diew— | Kom- | £1g-
bor |oter (peroant) {1n.) [ber |ctor [ber |we
{in.) () (in.)
VN N N T P L 7 ling o con h tand v
1 A 4lal H |Bia)]c L/e ——— 1 ED.D z nnml.l.m;lg:wm 87| |v e [ [ye= itz
1|3 [|aa) | x [so)|mse [a/8 | = | 1 | 25.5 |2 commuisr gutterw 16 |88 | .025[—ae [— | |3 ﬁm;f‘:‘:’“ Btandard
mﬂéﬁﬁ!m)i rm_mzlém. Tig table IT for injaction
Lo |aa) | & |s(bbme |1 | - | 1 | 255 |2 commlar 7/a 843 | .0@B[-em |- direction Ghendard
Fuel defleoctor platea, fig-
ure 4(a), porta (4] and 5
r I law) | ® [6(c)|se0 | 1/ | ~— 1 20.9 guttora I |200 | .085[www |- Btandard
2 |2 l4(c) |a-v |6{v)|esD | 2/B | ~— 1 57.8 2 mmulsar H-gatters with | 7/8 259 [0,026|<=~ (—- | ) 5 anmular tubes connscted Bhanla
singls trailing V-gut by redinl tubes, nes
2 |r 4.(«:; -V Béb; 71932 | 1/ | 1 38.2 6 inches dovrartresa 7/a. |245 | JORE|--- |--- table II for injestion Btandard
2 | o |a(o) |E¥ |B(D)|732 | 1B | -~ 1 5.8 |2 anmular H-gutters with 78 245 | 025 |eum |mem direction ' Btantard,
single trailing V-gntber | :
4 Inches downatysmm 1
2 | @ |4(e) {m-v |s(a)|e37 | 5/52| - 1 45,3 2 mnmiler H-gubters with 11% 201 | .025|aw= |==— |2 smmular tnbes with short Staniard
aingle tratling V-gutber - radial tubss, mee table IT
8 inohes dowypatrean far injection direstion
Leading sige corved inward
and trailing sdge curved
oubwari 7
2 | T |4fr) |-V [S(e)|T3E | 1/8 | === 1 40.6 |2 acular H-gutters with lg [328 | +020|ww- |www |5 mgmular tubem comneoted Staoiard
2 trailing V-gutters hy redial tubea
8 imches downstrean Al Jacent tubes with 48°
Inpinging Jete, soe
tabla IT
s | | 1v [s@)—e] = | = | 2 | 209 |2 aomiier gutters o% 229 {0,025 |<-n |- |° BUILST MO8 mmmb’“. fbandnxd
. 1ined) see tobls II foe
injootion dixection
4 | T |omee | ¥ ||| = | - 1 20,9 |Beoe flams holder uwsed in 10 l193 Jo.o2s| L [7(a) MoAifisd,
ood Iguration J .
4 | L |- T |6l&)]—— | — 1 1 51.2 5';- 44 | 025) 2 [7()| |12 redial tubes oqually Atanderd
£ mlar grbters spaced olroumlerontlally
4 | H |- | ¥ |80} | — 2 1 35,2 % e | 02535 [7(o) injecting fuel ncwal bo | Standerd,
. e on trailing edgee s flow
4 | |o— | T s” —~— [ 3 2 32,2 |2 smmlar guthers 3 dd | 335 ¢ [7{d) _) Standard.
4 |0 |- | ¥ |6{a)|ea= | — 1 2 30.7 |2 smmlar gubtters 5 144 | ,025( 2 7M Atanlaxd
5§ | P |eree | ¥ [8{d)]eme | == 4 1 26.6 [dhort radiel gutbers oon- Eg 14 |0.025| @ [7(b) |12 redisl tubes oqually spaced | Standerd
psoted hy one annnlar olrconfsrentially injscting
gutber fasl normal to gas £low
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PABLE IT. - FLAME-HOIDER AND FUEL-SYSTEM FART DETALLS ¥FUR CONFIGURATIONS A THROUGH J

COD:rigur&tion
Part A B ¢ D E F G E I I
Fuel manifold
(D) Fusber of holes |4g* | 48P q,?: 6a® | o1P 65° | 72° | @3
' &
o~ Hog dlemoter |23.58| 25,58 | 23,58 | 25.58 | 24,58 23,58 | 24,38 | 23,58
Y e - - n - i _ g __.f\ Jpr] P .Y
(&) humber oI noles | 24% o4 z2a¥ 56¥ Z24v 24~ 64~ 28~
Ring dlameter |11,10 101 11,10 | 15,75| 12,10 | w0 .10 | 22.63 | 11.10
(® Fuber of holes |16 | 168 |[1s® 24P | 18P g 8 |eab |$6° |12
Ring dlsmeter 4,58 4.58)| 4.58) 7.86) 4.58 | 3 o |-==-=| 1L.86 4.58
() Nwmber of holes | 125 | 128 | 126 (126 |26 | W [B [md | -l--|24b
(5) Rumber of holes | 12P | 12b | 12P eg 12p + £ 32D | emee- a_‘g
# Number of holes [12¢ | 12P | 120 | 4P |12 < o |24® |[32° |64
Fumber of holes [72b | 720 | 72b |22 | 72D E E S— N 71 .
Fumber of holes 20b 40P
Kunber of holes 28 |28 24e
- Ring di=smeter e § o 10.18
@@ mmber af holes B [EE 8o
Ring diasmoter o E g E 4.58
(=] <
Flens holder S _§ w
) . 13
[0 Mumber of holes | 104 |364 |36¢ |372 :|s1a | B | B |ze8 |s64 [ som
Ring diemoter |23.35| 23.35| 25.35) 23.35( 24.35 | @4 | @ | 25.35| 23.55| 23.35
[Z] Mumbea of holem | 48 192 | 192 [ 258 | 192 Yo | Dw]las |102 [ ~nee-
Ring diameter | 11,00/ 11.00( 11.00{ 15.44| 12.00 '§ ‘ ‘g s, | 11.00| 10.00| 11.00
(Bl Ruber of holes | 48 176 | 176 | <ww=w | 176 68§ | ©8 120 1176 | --—--
[4] Beflector plate | Nons 4 |4 None | None g4 | 38 |None | Fone | Hene
[Bl Deflector plate | Rome | Fomo | 4 None | Kone 5 3,5 Fone | Rone | None
¥mber of holes 120 ge | ¥
Ring dlemeter T.75 w w
% Rumber of holes 64
Nutber of holes 32 .
S Ring dilmmeter 17.18 | 17.18 17.18| 17.18
Ring dismeter 4.5
& " ST AFA
2 Downatream inJection.
b gpgtrean injection 15° from flow direction. >
© Ppetream injection 45° from flow direction.
¢ Upetrsam injecbion. -
! [

ag

o
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v oo ) N ' TABLE III. - PERFGRMANCE DATA WITR TAIL-~ L e

Run Al%j.tude Tail-pipe-| Engine Jat Net Alr con- | 8pesocific fuel ’mil-pipe'l‘a.il-piplj Tall-pipei Tal1l-pipe~ N
£t) burner fuel|fuel con-| thrust{ thrust{sumption consumption {" burner burner burner cutlet N I -
consumption|sumption FJ Py W “!‘/Fn fuel-air [fuel-air inlet total tem-| C

W ) W 2 bt ratio ratio veloclity !
(o) | aagmey | G| () [(20/ee) [(io/an turdse)) (ofy, | (t/a)yy | ¥ L Wi

§. 8
(rt/sec} {°r) -

CONFIGUEATION A

1 | 10,000] 2400 3172 4295 | 2706 | 75.72 - 2.05% 0.0088 0.0107 390.7 1751
2 . 4820 4150 | 5856 | 4291 | 75.72 2.093 L0177 ° .0229 382.6 2410
5 7070 -] 4525 8558 | 4995 § 75.3% 2.322 - .0280 L0547 572.7 2746
4 94685 4805 6838.| 5270 | 75.80 2.7068 L0347 L0471 574.9 2854
5 9510 4701 8678 | 5143 | 74.77 2.763 L0355 ) .0479 | B75.
§ | S50,000)] 2605 1930 2745 | 2049 | 36.54 2.215 0.0198 0.0254 378.0 2167
7 : 3050 .| 2040 2067 | 2160 { 36.24 2.356 .0254 ,0305 380.4 2273
8 1 5255 | 2063 2824 | 2240 | 36.58 2,374 0247 0325 376.6 229¢
9 3960 | =088 2905 { 2201 | 56.28 2.748 .0303 .0399 379.8
10 3985 .| 2088 2924 | 2246 | 36.04 2.704 .0%07 ,0405 379.5 2548
CONFIGURATION B .
11 | 10,000{ 2088 3183 4026 | 2514 | 75.69 . 2.092 0.0077 0.00929 | 402.8 1638 e -
12 3865 ..} 3885 5227 | 3887 | 175.29 2,102 L0143 01816 | 391.8 2172 .
13 8615 4562 8309 | 4760 | 75.20 2.348 L0244 03268 | 365.2 2648 oE
14 9945 4894 8655 | 5126 | 75.16 2.895 0568 .Q5043 | 386.0 2808
i5 15290 4904 74.79 5.483 Q494 7 365.8 2792 o
16 | 50,000f 2300 1885 2504 | 1835 | 35.59 2.28) ©.0180 0.02505.| 385.3 2091 )
17 3730 2111 2853 | 2185 | 35.62 2.675 .0291 .03862 | 385.3 2580 . ~
i8 4922 2183 2982 | 2321 { 35.45 3.08L.. 03586 *,05187 | 379.0 2508 . -
19 8495 2264 2{;65. gsg 55.57 3.6&25 .g?:n .ggggé 380.8 ﬁ
20 i : 31 7 4.64 .0648 R 1.8
31 | 40,000 4080 . 872 - | 954 | 519 oo ot o asE ] ; .
22 4880 877 943 | S28 | 22.74 10.90, .0596 .07101 | 429.8 1062
23 5755 881 938 | 536 | 23.09 12.38 .0692 .08251 | 424.6 995
24 7185 861 959 | $38 | 22.8% 14.96 .0874 . 1057 437.4 1008
) CONFIGURATION € . L L . . -
25 | 10,000 2385 - 3245 4205 | 2687 | 74.43 2.088 - | 0.0088 0.0108 402.5 1737 . * -
28 2390 .| 3208 -
27 : 3195 | 3535 4647 | 3138 | 74.15 2,148 - .0120 0148 395.2 1946
28 5005 415)
29 6725 4618 8351 | 4838 | 74.79 2.345 0250 L0338 389.7 2572
0 8005 | =022 6881 | 5379 1 7%.77 2.808 ,0359 73! 392.8 3004
31 | 30,000| 2716 .| 2025 2772 | 2089 | 36.97 2.267 0.0204 6.%&4 585.9 2126 «
32 34 2215 3081 | 2420 | 37.31 2.345 .0258 .0342 381.7 2358
33 3925 2279 3136 | 2471 | 35.32 2.51] . 0406 383.7 2519 -
54 4400 2320 3175 | 2504 | 37 2,684 .0328 - 0443 383.2 2434 . ~
35 4420 2295 3138 | 2447 | 37.08 2,744 .0531" L0446 387.0 2419 oo
36 8180 . 2360 3264 | 2585 | 36.86 5.304 L0466 0635 382.0 2486 ; =
CONFIGURATION D - -
x7 | 10,000 2005 3165 4054 | 2516 | 74.11 2,085 0.0075 0.0091 398.6 1678 R
sa 4180 ...[ 3960 5265 | 3738 | 75.87 2,179 .0157 .0202 392.4 2257 : _
39 6725 4516 8157 | 4643 | 75.57 2.421 L0254 L0341 385.6 2656
:2 9730 - .| 4758 BL4O | 4940 | 4 3% 2,953 0364 L0497 sea.s 3122
1 SC1 4825 9 74, 3 7 .Qﬁig N
42 | 30,000 23550 . .| 1900. %%% 1816 | 34.99 2. - . T 0.028 3688.6 212¢
43 5310 2072 2816 | 2129 | 35.99 . 2.528 .0256 0338 365.5° 2270
44 4520 2230 2962 | 2295 | 36.25 2,94 . 0346 L0486 588.1 2353
45 5730 .. ggs_ . 35.64 L0447 .gsm ggs.s
4 g7g %%,%g . g,gﬁ‘ ,%gﬁ . 1%% E,g Eigf
47 35,000 % 1840 g’ﬁ%’ 164 N 2.4 . ~0.05 388. 8
48 2980 [ 1693 2244 | 1719 | 28.83 2,718 - .0287 0380 388.2 2212
49 © 5770 1717 2295 | 1789 | 28.36 3.06 6559 L0494 363.0 2367
50 4640 1832 2422 | 1802 | 29.08 3.403° L0444 L0601 587.2 2351
51 . _ 4925 1815 28.37 .0482 .0637 588.8 }
- - = ~ -
CONPIGURATION E . ) -
52 | 30,000] 2200 1870 2506 | 1858 { 35.07 2.19]1 0.0274 0.0224 585.2 2087 .
53 | 2230 1908 2577 | 1892 | 35.38 2,187 . Q0175 .0226 389.8 2110
54 2250 .| 1908 .| 2505 | 1648 | 34.72 2,250° - .0180 0233 390.3 2156 _
55 3160 - 2088 | 2841 | 2178 | 35.14 . 2.410 0250 L0332 384.9 2383 - =
58 4120 | .2361 3190 | 2522 | 34.83 2.570 .Q330 L0451 581.1.| 2768
57 : 4220, .| 2389 5242 | 2547 | 34.99 2,568~ .0327 0456 384.2 2742
58 8126 2361 5197 | 2539 | 34.99 2.948 L0407 0366 380.9 2715
59 6115 . 2451 ’ 34.71 .- 0489 .0693 385.1
60 6506 | 2410 3242 | 2602 | 34.62 5.425 .0522 0735 380.2 2782
61 . 8507 °| 2393 3249 | 2586 | 35.0 3442 .0516 .0722 381.8 2707
52 7207 2377 3249 | 2582 | 35.15 3.712 0570 0793 380.8 2684
3 7210 5.764 .0569 .0789 381.0
84 | 55,000| 2315 1855 2220 | 1684 | 29.01 2.557. . 389,
85 4540 issa 2646 | 2116 | 26.97 5.073 .g:_gg .gggg 595:.3 gfgg
2585 | 2066 | 28.68 4.419 ° . . - .
&7 | 40,000 254.% T T1758 | 1540 | 22.26 2944 T. . —_?ESQT ,
68 3405 1482 1990 | 1s68 | 22.54 3.11T .0420 0578 388.1 2493
89 4160 1475 1967 | 1551 | 22.25 3.633 .051¢ 0717 388.4 2477
70 4920 1504 2039 22.28 3.96B .0613 .0853 385.5 2585
71 1657 '} 2041 | 1821 | 22.35 4.045 0621 .0875. 392.6 2587 :
72 §120 1423 1859 | 1441 | 22.29 . 5.235 .0765 .1059 390.9 2238
. -
CONFIGURATION F
73 | 30,000| 2500 . { 1978 2664 | 1248 | 35.49 3.588_ 0.0196 { 0.0255 386.4 2220
74 3549 2110 2846 | 1457 | 35.52 3.7 0281 0547 386.7 2540
75 4280 2175 2967 | 1597 | 85.13 4.042 .0338 | . .0436 381.9. 2525
78 5435 . | 2304 3100 | I724 | 35.41 4.485 0428 .0585 384.3 2585




LT, NACA RM E51E03 MRS A

PIPE BURNING AT FLIOHT MACH NUMBER OF 0.6 . W

Tail-piped Engine- Turb: - Tail-pipe~| Tall-pipe-~| Exhaust Engine-| Manufac-{ Turbineg~| Calculated jRun
burner inlet outlet total] burner burner cut-{ statie inlet | turer’s outlet [turbine-out-
cowbustion| total preassure inlet let total pressure total | control total let total
. efficiency| pressure Pg static pressure Po t A= -1 pera- |tenmperature
n Pl 1b/8 pressure P ture ture ture 7
q r't) 7 1lb/sq £t 5,0
(1v/8q ft) (xe/ Ps (1b/8q %) (1v/8q £t) T Ts Ty (°1'1)
(ib/sq £t) (°r) (°r) (°r)
CONFIGURATION A
0.6534 1845 2819 2547 2702 1451 502 1537 1362 13354 . 1
+ 7600 1838 5358 3096 3193 1439 505 1560 1581 1575 e
. .7T119 3577 5343 3412 1440 505 1678 1673 1662 3
O .5888 1849 SBZE g&gg 552 l“xg 507 1706 1718 1717 ;
5 ;‘g 201 1697 1702 1711
l,:, . 802.8 ﬁﬁ 1415 _ﬁﬁi 628, 429 1507 1497 1471 4
od .5278 808.3 1565 1452 1497 §20.4 435 1532 1530 1530 7
5183 801.4 1591 1475 1512 830.4 41€ 1573 1561 1527 8
802.8 1588 1478 1517 - 6§20 .4 428 1568 1545 1554 :]
4456 802.8 1584 1478 1528 £31.2 428 1565 1554 .1561 10
CONFIQGURATION B
0.5454 1838 2789 2488 2651 1470 510 1350 1350 1342 ° 11
.7198 1845 3175 2888 3017 1458 510 1491 1525 1515 12
.§781 1849 3557 3247 5346 1453 510 1858 1702 1674 15
.5255 1849 3675 5584 3476 1465 511 1733 1776 1749 14
.ﬁ%ﬁ 1841 gﬁﬂﬂ 3594 X498 14 510 1750 | 1785 1754 15
. 795.7 486 1360 1397 637.3 446 1483 1491 1481 18
+4T0L 795.7 1592 1472 1509 635.8 442 1583 1812 1589 17
4154 795.7 1634 1522 1555 636.5 440 1625 1648 1628 7 18
22;5 73; .2 1670 15151508 157; : 634.9 439 iegs 1663 ig? 18
= 1 785.7 154 8.8 4357 609 8. 9
-0.0264 | BO0.T | 75%.0 ~827.5 676.3 1 ) 1189 115% 1202 %1
-.0184 500.0 725.0 625.9 £84.8 405.3 451 1184 1188 1206 22
-.0272 500.7 733.6 £38.0 683.8 415.9 429 1183 1194 1197 23
-.0152 498.6 702.3 » 806.3 584 .5 402.5 428 1183 1194 1187 24
CONFIQURATION C
~ 2816 2527 2689 1460 522 1353 1380 1381 25
515 1566 26
2873 2586 2822 1458 514 1358 1476 1446 27
1651 28
3536 5252 3342 1464 514 1691 1753 1696 29
3718 b} 3519 $20 17175 1 | 30 |
- 1548 1417 1463 3 408 1494 1534 1479 31
1648 1518 1564 635.6 405 1585 1623 1559 32
16863 1534 1583 634.0 418 1572 1657 1626 55
1688 1558 1589 653.5 404 1633 1674 1608 34
1674 1531 1587 623.0 411 1629 1858 1606 35
1706 1582 1617 825.5 410 1658 1688 1643 36
CONFIGURATION D
0.6010 1848 2791 2508 26354 1448 520 1522 1579 1365 ) 37
.6628 1851 5188 2925 5012 1458 523 1531 1557 1562 38
-6472 1849 3484 3228 3278 1460 523 1684 1718 1687 39
4947 1849 3594 33548 3580 1469 522 1748 1782 1738 40
3732 1849 3624 3367 3408 1461 518 1730 1773 1743
0.56338 799.3 1469 1349 1383 62¢.3 452 1535 1559 1510 42
4743 802.1 1570 1451 1481 628.3 437 1584 1801 15651 435
.5800 799.3 1630 1510 1536 641.5 436 1645 1641 1621 44
798.3 1649 . 1538 1559 436 1684 1698 1670 45
| ,298% 797.2 _ 1638 1527 1543 625.8 | 1672 | 1678 ! 1669 46
0.4582 633.1 1222 1127 1154 508.1 422 1544 1558 15354 47
3954 €33.8 1249 1155 1176 499.7 422 1567 1582 1580 48
5759 633.8 12683 1176 1206 505.9 422 1594 1606 1593 49
3086 635.8 1514 1226 1241 508.9 420 1649 1665 1635 50
633.8 1297 1208 1227 422 1629 1647 1654 51
CONPIQURATION E
0.5511 796.5 1465 1542 1583 635.2 442 1483 1490 1485 52
.5552 800.7 1477 1352 1397 828.1 448 1497 1502 53
.5875 799.3 1485 1344 1587 . 6§29.8 447 1487 1502 1521
.5332 801.4 1563 1449 1483 631.35 445 1588 1587 1596 S5
.6591 799.3 16888 1576 1587 622.4 445 1725 1722 1744 56
5486 801.4 15889 1579 1595 621.5 451 1729 1731 1743 57
.4505 799.5 1691 1582 1600 €633.2 445 1725 1724 1751 58
801.4 1716 16804 1622 443 1746 1746 1787 59
.5858 800.7 1703 1600 1618 633.5 439 1728 1725 1764 60
.3650 801.4 1705 1599 1611 634.3 449 1742 1740 1753 €1
3554 -7 1709 1586 1618 632.5 446 1729 1726 1737 62
.3160 797.2 1887 lﬁj 1697 £30.6 443 63
1152 1167 499.8 417 1513 1531 1528 64
.3981 637.3 1380 1280 1508 503.7 417 1694 1694 1715 8S
- 1 . 417 1681 1682 1705
0.3601 .7 968.4 889.4 918.7 595.4 430 1551 15768 67
y .380S 500.7 1051 975.7 989.2 596.2 430 1678 1685 1691 68
.2874 500.7 1037 970.4 8683.3 396.2 428 1667 1681 1701 69
.2912 500.7 1086 28¢.8 1010 596.2 430 1885 1707 1721 70
.2755 500.0 1062 §94.0 1010 393.0 424 1698 1704 1754 71
1791 500.7 1009 942.2 954 .5 385.4 427 1619 1642 1658 72
- CONFIGURATION F
0.5717 802.8 . 1913 1599 14357 641.5 442 1515 1527 1531 75
4883 798.3 1569 1482 1450 635.4 442 1576 1582 1594 74
4677 199.3 1618 1499 1541 633.8 443 1606 1613 1639 75
3612 802.8 1657 1553 1576 633.8 442 1667 16735 1893 15
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TABLE IITI. - PERFORMANCE DATA WITH TAIL-

NACA RM ESIE03

Specific fuel

Run Altitude! Tail-pipe-j BEngine Jet Net Air con- Tail-pipeall-pipe4 Tail-pipe! Tail-pipe- .
(rt) |burner fueljfuel con-}thrust|thrust|sumption{ comsumption | burner burner ‘burner putlet
: consumption|sumption Py A o/ P fuel-air [fuel-air inlet total temd
We ot Ye.e . (1p} | (1b) {(1b/sec) {{1b/1b thrust} (‘; Ai)° _ &730 velocity | perature
(1v/nr} {1b/nr) . t+ us [ a
. . (et/eec) [ (°r)
77 350,000 2280 2079 2767 0.0277 ¢.0235 388.2 2297
78 . 5280 2355 3073 .0280 0359 386.0 2588
19 4180 2522 3302 0327 +048S 585.6 2771
80 5440 . 2580 3372 0426 .0610 384.7 2816
81 10,000 2040 5086 5797 0.0078 0.0082 405.1 1537
a2 3105 3673 4787 L0117 0147 38C.6 2022
.83 £36Q° 4160 5518 0164 .0213 588.2 2350
84 5545 4500 8021 .0209 .0280 382.8 2824
85 5545 4590 8146 . 0206 0277 385.2 2822
86 £630 4892 5;05 0257 L0385 .| 383.7 gggg
a7 8165 . 5052 8788 0307 . .
88 | 30,000| 2168 Riia_ 7 0.0172 dgg_ 3868.8 | 2281
89 3480 2271 3011 0274 0374 382.5 2580
20 5205 2t27 3224 0415 0585 382.6 2790
81 7070 2487 3321 0551 0775 581.6 2711
82 i) .
23 40,000 24 1400 1800 ©.0305 <0415 95.3 2435
S4 3270 1400 1779 0410 .Q558 393.3 2363
85 4240 1431 1778 .0531 .0725 398.6 2299
86 5105 1371 1722 0644 .0869 35985.3 2241
) CONFIGURATION I .
97 30,000] - 2345 1939 2562 1891 34.88 2.265 0.0187 0.0243 | 491.7 2205
98 2345 1870 2613 1988 54.99 2.193 . 0186 0243 487.5 2260
98 3055 2058 2703 2038 34.66 2.508 0246 0526 496.7 2565
100 3785 1970 2550 1877 54.86 . 5.086 _ .0303 03987 492.8 2206
101 4280 1951 2519 1858 54.75 3.543 0342 0445 489.4 2159
102 8205 1821 2391 1731 34 .69 4.059 0€17 .0833. £86.3 1990
CONFIGURATION J
103 10,000 2710 35563 4815 | 3098 74.93 -
4 : 40 -
105 30,000 24 2811 2151 35.01
106 2080 2200 35044 2377 35.38
107 3750 2483 3197 2538 36.17
108 4520 2578 3388 2730 55.55
109 S ?63 %B; 34-9
110 40,000 1680 89 3 1224 21.97
111 2280 1468 1977 1567 21.98
112 2880 1625 2078 1667 22.09
113 3730 1879 2184 1769 22.04
CONFIGURATION K
114 30,000 1637 1985 2816 1948 36.18 1.858 0.01256 0.0163 394.5 . 2025
118 . 2070 2239 2943 2284 36.04 1.887 .01595 .0215 391.8 2403
116 T 2500 | 2418 3199 2530 38.00 1.944 7 .01929 .0288 391.4 2643
3)20 2.%&_.1%&_&5_ 8.
118 40,000 930 1 18 1193 .61 1.818 - 201143 0.0148 406.3 1940
118, 1240 1586 1839 1422 22.57 1.847 7 .01528 Q205 402.0 2268
120 1601 1519 2027 1806 22.54 1.543 .01973 -0274 599.2 2856
gt 1950 1609 2117 1696 22.48 2.122 | 02459 0350 397.9 2759
CONPIGURATION L ) L .
122 14,000 2385 3536 4671 5150 75.54 7 1.873 0.0087 0.0108 395.7 1044
125 . 2890 5812 1 5529 75.06 1.899 . Q107 .0136 385.5 2054
124 5845 4187 5802 4080 74.90 1.893 0148 .Q181 589.8 235C
125 4720 4387 5909 éSM 7:2.4.0 2.084 L0172 .0230 380.6 2464
% [ 218 | 75.0% |
7 50,000 £19 7 _%% 7 35.44 1.825 0.01112 0.0140 396.4 183
l2e 1568 1886 2624 1860 55.21 1.757 .0123 .0158 384.7 2156
128 22968 2206 2993 2340 55.00 1.926 .0l824 0247 584.9 2597
1350 T 2480 2247 35045, 2392 34.97 1.964 - .0195 .0266 586.2 2800
151 2978 2377 3210 2544 35.38 2.105 02338 -0325 386.6 2758
1z2 3350 2443 3242 | 2592 34.81 2.235 0287 .0378 386.3 2835
133 5750 2522 33549 2638 55.04 2.317 . 02957 0422 3588.4 2879
134 4320 25352 5393 2726 35.35 2.514 0339 0484 387.7 2899
1385 4440 2555 35417 2743 55.09 2.550 .03515 0504 387.7 2851
28 SR40 1 £700 . . 996 2044Q 2
137 40,000 1515 1512 0 1642 47 1.843 0 .0187 Q.02 94.7
158 1840 2188 1788 22.53 2.062 [T 0247 0355 385.6 2817
158 2480 1701 2280 1865 22.65 2.231 .0302 0439 593.3 2933
140 2620 1878 2249 | 1840 22.25 2.856 .05271 0477 385.9 . 2989
141 2840 1718 2228 1835 22.24 2.48¢ 0355 0523 5968.8 2972
CONFIGURATION M
142 30,000 1741 2048 2724 2062 54.62 1.846 ° 0.0140 0.0185 395.9 2295
143 2200 2245 2966 | 2304 35.26 1.929 0173 0236 589.9 2493
144 2820 2410 3154 2477 55.26 £2.031 0208 .0289 394 .4 2648
145 3015 - 2518 5311 | 2630 365.78 2.103 0254 0331 402.4 2747
146 _ 2875 3455 L0281 0411 2008
147 40,000 1641 1541 42018 18 22,57 1.973 0.0202 0.0282 587.8 2546
148 1846 1832 2146 173 22:68 2.007 .022% 0322 598.4 2756
148 1933 16870 2163 1754 22.71 2.052 L0258 0540 398.7 2784
150 2005 1683 2157 1751 22.58 2.085 0247 .0556 598,3 2767

.
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PIPE BURKING AT FLIGHT MACH MUMBER OF 0.8 - CONTINUED

Teil-pipe4 Engine- Turbine- Tail-pipe-{ Tail-pipe— | Exhaust Engine-{Manufac-| Turbine-| Calculiated | Run
burner inlet outlet total| burner burner ocut-] static inlet |turer's outlet |turbine-cut-{
combustion total pressure inlet let total | pressure total |eontrol total let total
efri;icncy ‘pressure Pg static pressure o ape a-{t o a-| t w Fa- perature
t P.'I. (lb/nq rt) pressure T 1b/8q £t e ure ure
(1b/8q £t) Pg {1b/sq £t) (1b/8q £t) T Tg Ts 2;“
{1b/5q 1) ca | e | em) | OB
CONFIGQURATION G
0.6513 801.4 1ST7 1431 1487 635.5 439 1546 1552 1585 17
.5866 800.0 1891 1550 1587 634.7 437 1677 1649 1708 78
434 800.9Q 1777 1640 1660 630.8 453 1762 1721 1793 79
4497 802.1 1807 1668 16935 636.3 432 1771 1779 lald 80
CONFIGURATION H
0.5686 1856 * 2733 2444 1464 523 1513 1555 1344 81
L6871 1859 5070 2807 2864 1482 526 1481 1502 1495 82
. 7255 1858 3500 3049 5082 1482 528 1619 1611 83
.T448 1858 3472 3230 3244 1462 528 1669 1713 1630 84
7463 18568 3520 3269 5279 1458 526 1668 1709 1700 85
g (e | e | me | me | e | s | e i | e (e
1 Th 7
. g — a3 i — o5
5680 800.0 1660 1548 1550 658.4 448 1653 1672 1663 8s
4811 800.7 1712 1615 1611 6352.9 446 1725 1739 1777 80
3462 801.4 1751 1640 1640 835.7 445 1744 1755 1782 31
4 Q05,5 | _J.li.ij 2
0.438€6 499.53 898.9 926.6¢ 937.5 395.8 450 1655 1675 1882 [:3.3
3217 501.4 1003 932.4 944 .9 402.8 450 1648 1672 1662 S4
.2358 500.0 1001 238.7 941.7 400.1 449 1662 1686 1687 95
.1972 500.7 883.2 219.0 829.8 3%88.2 450 1823 1648 1652 96
CONFIGURATION I
0.5778 802.8 1489 989.5 1407 &30 458 1512 1538 1537 ST
-8307 798.3 1512 1010 1430 632 4359 1486 1516 1534 98
.5225 8Q0.0 1544 1027 1455 6352 458 1568 1589 1607 S8
«STL7 - 80l.4 149G 1013 1415 §30 459 1525 1549 1663 100
3243 80Ll.4 1485 1008 1411 635 458 1515 1536 1557 101
- 799.5 1437 974.6 13564 532 458 146 1488 1485 102
0.5814 1854 3006 2668 1438 103
0.6184 801.4 1573 14 1607 105
.6301 801.4 1673 1508 1635 106
.5808 80L.4& 1724 1584 1778 107
5407 800.7 1787 16354 7 108
,ié’ls g} 24 181% 16870 889 9
a. 4 . .
5111 501.4 1047 935.9 1714 111
4357 601.4 1083 988.6 1826 112
.3881 500.7 1121 1008 1876 113
0.6475 1489 1363 1485 14
. 7807 1620 1488 1625 1S
7984 1696 1569 1712 116
1778 17
0.5848 909.6 823.2 1493 118
.6861 §85.5 897.2 1808 119
7127 1053 859.1 1711 20
.5855 1092 1002 1784 n2l
0.7054 1858 3017 2682 1428 122
-76851 1850 5147 2808 1499 123
.8247 1858 5356 3013 1587 P24
7780 1858 3465 35120 1630 125
1859 1777 126
Q.5507 800.0 1407 1260 1426 127
.8079 801.4 1505 13544 1487 128
.8458 801.4 1643 1487 1654 29
.7863 801.4 1661 1502 1673 30
Thbd 800.0 1751 1586 1725 31
.691% 800.7 1738 1580 1780 2
6474 801.4 1785 1625 1806
.5685 800.0 1785 1633 1804 54
.5884 801.4 1800 1640 1885 5
%é 4 ;Igg 1829 -]
0.7857 .0 106 961.2
.7184 501.4 112) 1016 1796 38
6517 500.7 1158 1051 1840 %3]
.6538 500. 11435 1040 1853 R40
5722 501.4 1145 1046 1883 Rl
0.7755 800C.7 1552 1396 1605 42
L7157 80l.4 1848 1499 1671 L4
7567 802.1 1697 1851 1746 Lé4
7111 803.5 1788 1576 1776 145
18%Q 50 46
0.8728 499.3 1110 968.3 T 47
-7580 489.3 1108 1012 i78g 48
- 7127 498.3 1126 1025 1811 49
.6680 4938.3 1128 1023 1821 50

a7



28 m@.\ NACA RM E51E03

AR . . r - . ", - . o 'I‘A.BI.E IXX. -“PERFORMANCE DA'I‘A‘ i_l'ITH TAIL-.
Run| Altituds] Taill-pipe-| Engine Jet Ret KIr con-] SpeciTic Iuel]Tall-pipeflall-pipe] Talli-pipeJTall-pipe~ ’
{rt) |burner fuel|fuel con-| thrust|thrust| sumption consumption | burner burner ¢| burner outlet
) consumption|sumption P 3 Fy Wy We/Fy fuel-air |fuesl-air inlet [total tem-
"r,t wf'a (1b) (1b) | (1b/8e0) (1b/1b thrust} (r;‘a;:n.i)o ratio veloolty Pe;ltu.r.
(1b/nre) | (1n/hr) . s | (£/a)y, Tg s
. {1t/800) (°r}
CONFIGURATION N
151 30,000 1810 2024 2705 1998 ‘55.59 1.919 0.0141 0.0185 404.5 2203
152 | - 1885 2072 2720 2023 35.32 1.86) *° 0149 .0187 401.9 2290
153 2185 2182 esle | 2192 35.83 1.992 ~° 0169 0227 401.2 2402
154 2535 2311 3088 2372 - _ig_._g;_ g.g;g .0198 .gggs 387.7 2613
55 aagg__zga:{__szu__zm_ . _ _o_o.’i%?_-o 10306 _igﬁ.-%.__gﬂg_
156 40,000 125 13518 1804 1372 22.71 1.878 .01b4 0.0203 . 4
167 1454 1451 1908 1468 22.64 1.879 .0178 0243 407.8 2432
158 | | . 1678 . 15833 2055 lgl8 22.83 1.985 .0206 0287 405.7 2621
159 1895 1509 2100 1649 22.88 2.125 . .0230 0525 408.5 2707
1680 1914 1610 2083 1638 - 22.65 £2.151 .0255 0333 406.9 2780
161 2070 1840 2115 1682 22.685 2,208 ..-| .0254 03683 408.8 2809
CONFIGURATION O )
12 10,000 2218 3340 4370 2853 76.04 1.948 0.0081 ©.0099 405.6 1684
163 5050 3871 5162 | 3618 76.34 1.913 OMX1 . .0141 399.7 2051
164 4040 4250 5726 4184 78.02 '1.981 0148 0192 395.9 2522
185 5020 : 4575 6144 4583 . 76.14 2.094 .0183 0244 5985.5 2539
168 5880 ’ 4730 6481 4929 75.75 2.153 0218 0291 390.% 2665
167 6762 49352 66681 5111 I5.68 2,288 10248 0341 .
[168~ 1 30,000 1839 2071 2791 | 2113 35.97 1.850 0.0142 L0187 ggé%‘ 1 ﬁ'go .
169 2362 - 2254 2382 2300 35.64 2.007 0184 0250 3598.0 2527
170 2752 2337 3057 2395 35.13% 2,125 .0218 .0301 596.8 2702
171 3179 2494 3308 2638 35.78 2.14; Q0247 QB4T 397-5 235%
172 3 2480 §g§g | 2552 | 55,359 2.29 . 7 : gglg % 2
175 40,000 ¥ 1358 19 1512 22.60 1.743 G. 7 0.83'}8_ . 70
174 1648 1490 1985 1571 22.58 1.99%7 0205 .0280 400.4 2518
175 1925 1553 2057 1640 235.00 2.121 . 0252 0323 400.7 2689
176 2230 . 1625 2154 1712 22.77 2.252 ) .0272 .0587 398.8 2717
177 2480 ‘ 1700 2228 1808 23.10 2.311 .0288 0430 401.6 2846
CONFIGURATION P
178 10,000 1945 3573 4247 2682 76.18 1.985 0.0071 0.0087 405.4 1714
179 - 2780 . 3825 5058 3486 76.25 1.889 ’ .0101 .0128 395.2 2056
180 - 3730 4159 5554 4009 75.44 1.968 . 0137 .0178 3980.8 2345
181 . 4724 4480 6014 | 4480 15.72 2.054 0173 .0230 388.8 2559
182 58680 4758 63589 | 4957 75.61 2.180 0216 - 2770
183 30,000 1481 . 1500 .| 2554 16853 38.45 1.814 ©.0111 0.0142 395.9 2013
184 1960 2128 2830 2154 35.58 1.898 0153 0204 591.7 2595
185 2624 2529 | | 35089 2422 55.64 2.045 0205 028l 580.8 2678
186 3370 85 3287 2604 5{3.84 2.248 0261 0367 391.7 2842
187 4150 2614 3431 2785 204 2.448 i 10328 0471 87,1
188 40,000 1687 1533 2125 {1718 22.85 1.862 0.0203 0.0281 395.8 2643
l8¢ . 2005 1610 213% 1720 £25.15 2.102 0241 .0339 595.5 2745
180 2400 1878 2184 1781 23.27 2.316 0286 . 0409 395 .4 2863
191 2805 1738 2180 1761 25.18 2.855 . . 0348 .0508 398.8 eol4
182 5235 1717 2351 | 1905 22.88 2.589 0391 .0568 386,7 2914
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PIPE BURNTING AT FLIGHT MACH NUMBER OF 0.6 - CONCLUDED

29

~w

Tall-pipeq Engine- Forbine- |Tall-plpe-~| Tall-pipe-| Exhaust Engine-| Manufac-| Turbine-| Calculated [Run
burner inlet outlet-total| burner burner out- static inlet | turer's outlet ;turbine-cut-
conbustion| total pressure inlet let total | presasure | : total |control | total let total
efficlency pre;sure s static pressure Pa tempera-| tempera- tent:&rera.- temperature
g 1 (1b/sq zt) | Pressure 7 1b/8q £t ture ture e s, c
(1b/8q rt) Pg (1b/sq £t) (1b/sq £t) Ty Tg Ts (°R)
(1v/sq £t) (°r) (°R) (°r)
CONFIGURATION N
0.7268 802.1 1524 1340 1442 615.1 441 1577 1548 151
. 75354 802.1 1544 1368 1480 615.1 441 1804 1579 152
. T480 801.4 1607 1420 1517 610.4 440 1663 1615 153
.7879 802.8 1678 1488 1586 611.6 43 1734 1676 154
802,98 1525 1627 614.7 440 1772 1745 155
0. ] 500.7 9685.4 875.3 933.6 585.7 420 1398 1542 156
.7105 500.7 1022 907.7 964.9 384.1 420 1670 1656 157
. 7333 SO0L.4 1060 947.1 1003 584.8 420 1751 1718 158
.7030 500.7 1088 974.6 1033 380.2 420 1773 1760 158
<7204 500.7 1088 975.3 1033 579.4 422 . 1781 1772 160
.§951 501.4 1103 989.4 1044 387.2 421 1799 1787 161
CONFIQURATION O
0.5636 1856 2909 2508 2726 1471 499 1407 1368 162
.7616 1856 3193 2797 2988 1467 500 1535 1482 163
-7901 1858 3381 2986 3173 1467 501 1620 1581 164
. 7869 1858 3538 3140 33521 1457 501 1698 1656 165
.7682 1858 3633 3242 3405 1469 502 1742 1694 168
1 1857 3711 3317 3482 5Q2 1779 1742 167
0, 801.4 1574 1391 1482 63£.5 434 1585 1585 168
.7699 801.4 1641 1470 1548 831.0 £40 1687 16861 189
.TSTS 800.7 1681 1506 1584 634.5 448 1759 1722 170
-T4AT1 801.4 1756 1561 1654 €31.7 435 1777 1758 172
1567 16354 £31.0 445 1797 1768 _112|
0.83937 800.7 882.5 878.1 929.7 394 .4 418 1589 1587 173
.6836 500.0 1047 940.1 982.7 394 .4 418 ' 1884 1685 174
.6411 500.7 1083 973.2 1018 397.9 416 1733 1714 175
.6437 501.4 1118 1003 1047 594 .4 421 1788 1778 178
»8209 500.7 1138 1030 1073 397.9 416 1825 1808 ° 177
CONFIGURATION P
0.6651 1857 2874 2577 2754 1461 511 1478 1416 1382
.8448 1859, 3149 2830 3001 1464 511 1604 1525 1485
.8780 1857 3320 3012 3163 1461 510 1704 1614 1575
.8559 1858 3479 3173 3517 1470 510 1789 1685 1643
2 454 1467 512 1877 1746 1713
0. [ 802.8 1478 1327 1409 8§25 435 1570 -1509 1458
.8290 802.8 1578 1438 1508 629.4 438 1714 1626 1595
.7972 803.5 1674 1541 1800 £32.2 440 1828 1726 1697
.7180 802.8 1742 1606 1564 625.1 441 1917 1781 1764
%.7 1805 1666 1719 £32,5 437 19872 1843 1833
0.7 499, 1055 975.3 1020 394.7 418 1824 1720 1700
.7128 500.7 1104 1013 1054 399.8 414 1877 1780 1740
.8661 502.8 1139 1049 1087 394.3 412 1910 1802 1783
5714 500.0 1149 1060 1098 398.3 410 1951 1843 1851
5168 500.0 1149 1060 1083 394.3 422 1964 | 1854 1838
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FEngine Tail-pipe burner Cocling shroud

Figure 1, - Installation of engine and tail-pipe-burner agsembly in altitude chamber,
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Tall-pipe-burner
Engine Test section Vaasembly
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Statian 1, Stetion 3 Station 5, Station 6, Btatlon 7, exhaustr
engine inlet compresscr twhine outlet | burner inlet nozzle survey rake
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| / \_ | ! nozzle throat
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Exhemust diffuser

Flgure 4. ~ Schematio drawing of engine and tall-pipe burner in altitude chamber.

IS

SOHATSE WM VOVH

3




5 S, NACA RM ESLEO3

Fuel manifold Cooling shroud- 2-position exhaust -
Burner inlet g le ( ) ] _
diffuser Tugser la.me' holder _ nozz ] open -
inner cone Conical burner
° h
i V)
e}
[,
B 23| 20.5 24
] i
:
30 6 41.5 : 10—t
87.5
(a) Fiame-holder position 1 and standard diffuser immer cone, L™
Fuel inJectors
K Flame holder T
L.
35.5 l R L : .
. = :
26.5 S 31 — 23| 20,5 | 24
. A .
T | 4__$____;;_\/v =8 )
30 6 . 41.5 : 10— -
B7.5

(b) Flame-holder position 2 and modified diffuser inmer cone. : -
Figure 3, - Schematic drawing of typical tail-pipe-burner assembly,
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(a) Photograph and cross section of typical H-gutter flame-holder unit, configuraetions A, B, and C. )

Figure 4. - Camercial flsme-holder apd fuel-system units.
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(t) Photograph and cross section of H-gutter flame-holder uult, configuration D.

Figure 4. - Comtimed, Commercisal flsme-holder and fuel-system umnits.
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(c) Photograph and cross section of typlcal H-gutter flame-holder with tra
Commercial flame-holder and fuel-svatem mnita,
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Figure 4. - Contipued.
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1ling V-gutter, configurations E, F, and G.
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(d) Typical trailing V-gutter, configurations E, ¥, and G.

Figure 4. - Continued. Commercial flame-holder and fuel-system units.
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Figure 4. - Continued. Commercianl flsme-holder and fuel-syptem unitse,
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{(f) Photograph and cross section of H-gubter fiame holder with two trailing V-gutters, configuraticn I.

Figure 4: ~ Comtimied., Commercial flame-holder and fuel-system unite.
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(g) Photogreph and cross section of V-gubter fleme holder, comfiguration J.

Figure 4. - Concluded. Comercial flame-holder and fuel-system units.
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(b) Configurations (c) Configuration D.
B,C,E,F and G.

o
;
[ ;
B
|

; 0,75 __C>—— 389

11.69R

N
l 1.5 131 | ° 63-,——(;.? F <_f
1,75 | CJ—

(&) Configuration H. (e) Comnfiguretion I.

2.31R 5.5R
il

g
WA

(£) Configuration J.
Filgure 5. - Cross sections of coammercial fleme-holder and fuel-manifold units.
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(b) Flame holder 2 used in configuration M.

Figure 6. - Schematic diagnaps.oiwWiiaigiesigned fleme holders.
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(e) Flame holder 3 used in configurstion N.

{d) Flame holder 4 used in configuration P.

Figure 6. - Concluded, BSchematic disgrams of NACA degigned flame holders.
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.63 .63 (.63
l—4.00 —2.13 1.50 2.25 ~~t¢ 75
16,10
(2) Fuel injector 1 used in configuration K.
T H
. -6 ;
5.85 1,63 1.38 1, 25>, 88wje—

15,73

(b) Fuel injector 2 used in configurstion L, O, and P,

2.00

1.76

.63

4,50

2,13

15,73

{c) Fuel injector 3 used in configurstion M.

ml

rmnwy

2.00

2.00

R
A
R

—elTRERIRBELRLY

16,10

(d) Fuel injector 4 used in configuration N.

All holes

0.025" diam,

0.25

Sectlon A=A

Figure 7. - Schematic diegrams of fuel injectors.
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QO Totel pressure tubes

@ Static pressure tube
®  Thermocouple

/ \—Centér line of

engine burners

Immexr cone support strubs

(2) Turbine outlet (diffuser inlet), stetlon 5,
4 > inches downstream of turbine flange.

(b) Burnmer inlet, stetion 6,

1l % inches upstream of dlffuser
outlet f£lange.

{c) Exhaust-nozzle inlet, statlon 7,
5 inches upstream of outlet.
Figure 8. - Location of pressure and temperaturs instrumentation installed in engins

and. tell-pipe burmer; loocking downstream.
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QO  Fuel regulator
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temperature, 1300°- F
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configuration A.

(b) Configuration type 1, configuration B.
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B

.02 .04 .08

0
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Tail-pipe-burner fuel-air ratio, (f/a),
(d) Configuration type 1, configuration D.

(¢) Configuration type 1,
configuration C.
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Flgmwe 9. - Operable range of tail-pipe-bwrner configurations. Flight Mach uwumber, 0.60.
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Filgure 9. - Contimied. Operable range of tail-pipe-burner configuratious.

2176

Type of 1limlt

0 Puel regulstor
-~ ~Limiting turbine-cutlet

temperature, 1500° P
¢ Rough burning
A  Blow-out

S !

K

(e) Configuration type 2, configuration E.

(f) contimmration type 2, configuration F.

_-——ﬂQ'-1ﬁrJ13,\)°
|~

/ JQ) A/“ | |
S’ ’ - /s E‘f
/ /
/
f /]
/ /
/!

S £+

.02 .04 .06 .08 0 .02 .04 .06

Tail-pipe-burner fuel-alr ratio, (£/a)y

(g) Configuration type 2, configuration G.

(h) configuration type 2, configuration H.

Flight Mach number, 0.80.
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i} Limiting turbine-outlet )
temperature, 1300° F h
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; A  Blow-out A LY
4 L
40,000 r T
| T | , /i
30,000 ¢ Pt & ——;ﬁ . ':..."
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10,000 D N L5 4
‘ (1) Configuration type 2, (J) Configuration type 3, (k) Configuration type 4,
, configuration I. configuration J. conflguration K.
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I
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/I / /N
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1 - 1 N
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|
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! ~ e
10,000 i I
o .02 .04 .06 0 .02 .04 .06 O .02 .04
Tail-pipe-burner fuel-alr ratio, (f/a)y '
(1) configuration type 4, : (m) configuration type 4, ' (n) Configuration type 4,
configlll'a.titm L. ) con:fig’llration M. con_figm-ation N.

Figure 8. - Contimed. Operable range of tail-pipe-burner configurstions. Flight Mach mmber, 0.50-
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Type of limlt
o) Fuel ragulator

b~ Limiting turbine-outlet
temperature, 1300° F
$  Rough burning

A Blow-out

Altitude, £t

60,000

50,000 r’ﬁ
| /!

40,000 A & ,j"}
1 |
. i

30,000 é £ 4 a
[ T
| / |

20;000 | i
I
. ]

4 L L
10,000 © 2 6 g
0 .02 04 0 .02 .04 .08
Tail-pipe-burner’ fuel-air ratio, {f/a)y
(o) Configuration type 4, (p) Configuration type S,
configuration Q. configuration P.
Figure 5. - Concluded. Operzbie range of tall-pipe-bimmer gonfigurations

Flight Mach number, 0.60.
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s 3
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o B 400
58 ~O-O—A——O— O
g 350
Configuration Gutter Configuration
type type letter
1 - H B
2 H-V b=
4 v L
1900 5 \'d P
-5 Limiting turbine-outlet temperature
o
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g 1700
2
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S0
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* o
B g
Y&
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3
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E
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2 8
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~ @
iy
o~ © 3000
8
E Py
2600 - L '
0 .02 .04 .06 .08 .10

Tail-pipe~burner fuel-eir ratio, (f/a.)ua
(a) Altitude, 10,000 feet.

Pigure 11. - Variations of tall-pipe-burner inlet conditions with tail-
plpe-burner fuel-air ratio. Flight Mach number, 0.60.
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Configuretion Gutter Configuration
type . type letter.
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Tail-pipe-burner fuel-air ratio, (£/8)yq
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Flgure 11. - Continued. Variations of tail-pipe-burner inlet conditions S
with tall-pipe-burner fuel-air ratio. ZFlight Mach number, 0.860. ’
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Burner-inlet

Turbine~outlet
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type type letter
o 2 B~V E
<o 3 v J
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| Limlting turbine-outlet temperature
450
b \
T < <
O =
>
350 .
p 1900 : /(K = —
Eu? /J{;‘/f
,g 1700 té e a _
K / o
£
& -
g b
1500
o 1200
I o
= 0y #’ﬂ‘m
A
H{ —l (. 1 e
Aaa o L~ =
~ & o) |
— = W
25 G~
Q Ay 00
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Tail-pipe-burner fuel-air ratio, (f£/a)y,
(¢) Altitude, 40,000 Peet.

Figure 11. - Concluded. Variationes of tail-plpe-burner inlet conditions
with tail-pipe-burner fuel-aslr ratio. Flight Mach number, 0.60.
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Tail-pipe-burner combustion
efficiency, Ny
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.50 ~\\\
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Configuretion Gutter Conflguration
type type letter
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Exhaust-~gas total temperature
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8
o

1400 _ _
0 .02 .04, .08 .08

Tail-pipe-burner fuel-air ratio, (f/a)ua
(a) Altitude, 10,000 feet. =

Figure 12, -~ Variations of tail-pipe~burner combustion efficiency
and exhaust-gas totel temperature with tail-plpe-burner fuel-air
ratio. Flight Mach number, 0.60.
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Tail-pipe-burner fuel-air ratio, (f/a)ua.
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Flgure 12. - Continued. Veriations of tail-plpe-burner combustion efficiency

and exhaust~gas total temperature with tall-pipe-burner fusl-air rstio.
Flight Mach number, 0.60.
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Figure 12. - Concluded.

efficiency and exhaust-gas total temperature with tall-plpe-

burner fuel-alr ratio.
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Flight Mach number, 0.60.
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Figure 13. - Variations of specific fuel consumption and net
thrust with tail-pipe-burner fuel-air ratio. Flight Mach

number, 0.60. .
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Configuration Gutter Configuratiom
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Figure 13, - Concluded. TVarlatloms of specific fuel comsumption end
net thrust with tail-pips-burner fuel-air Mght Mach

ey 0:80- ~ AR~



28 - /,0
Myl“esk\g _
2 o /! 'I/ — /”;—"H‘! = :
M o | LA i
2. /</ / // I I
AT | e L
: 177 Tr ~o
» 2200 — . .
O f. & // /
200 =t 0. 1 T E B :
o 2 E-V i
l / < 3 v J -
L1 1J S
1800 |  Tiniting tarbine-cutlet temperaturs
o1 | | T
1.8 2.0 2.4 2.8 3.2 4,0 4.4 4.8

Pigu:m 14. - Variation of net thruet and specifio fuel consumphion for ssveral oonfigmrations at altitude

Bpecific fuel comsumption, W /¥, 11:/(1::-)(11; thrust)

of 30,000 feot end flight Mach jumber of 0.60.

. . . . coa
. ﬂ:'ll " '|'|'_'|!. o .'..].l--J HERERIT

L :J‘.r

9z.1:a

b

ol

u;#lna .': '

¥

89

SOHTSH WY VIVN




-

NACA RM ES1EO3 O 89

Pg-Py

Tail-pipe-burner total-pressure-loss ratio,

Altitude
(£2)
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.06 (]
d o L = “
.04
(a) Configuration type 1, H-gutter, configuration Bj
blocked area, 25.5 percent.
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fn o b o] o |© —
.06 - = o o0 R R o
.04 T
(b) configuration type 2, H-V-gutter, configuration H;
projected blocked area, 43.3 percent.
.08
.06 By ®
.
> ju T 1o
.04
(c) Configuration type 3, V-gutter, configuration J;
blocked area, 28.9 percent.
.08
.06 —~S I TTIAE -
SO | o p 90 |2
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(a) Configuration type 4, V-gutter, configuration L;
blocked area, 31.2 percent.”
08 _
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Tail-pipe-burner fuel-air ratio, (£/a)ya

(e) Configuration type 5, V-gutter, configuration P;
blocked erea, 26.6 percent. .

Figure 15. - Variation of tail-pipe-burner total-pressure-loss ratio
with tail-pipe-burner fuel-air ratic. Flight Mach number, 0.60.
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Figure 16. - Variations of tell-pipe-burner scale to theoretical thrust

retio with exhaust-nozzle pressure ratio.

_ O

N SR

LT



T T—"

FAN{]

[ 3 r
Diffuser lnlet Diffuser outlst
station 5 statlon 8
1200
-
//'
800 — \
. N
& N AN
Iy
4] O\
- 600
E \I \
; : \
4 \ \
400
\ \
A
\ : Q A
200
‘\ \_? \P\
\ N
i S
\
! \
0 20 40 80 80 100 0 20 40 80 80 100
Outside Percentage of passage height Tnside Outpide Percentage of radial distance Center
wall wall wall
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Figure 18, - Typical H-gutter failure and treiling V-gubter fallure at intersecting
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gutters and support,
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Figure 19. - Typlcal H-gutier fallure and tralling V-gutter feilure on surfaces not
obstructed by intersecting gutiers,
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Figure 20, - Typleal V-guvter fallurse at a gu
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tter intersectlon.
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Pigure 21, - Typlcal V-gutter fallure at gutter intersections and in sheltered regiom._
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